This paper is part of a broader research agenda, which aims at an environmental re-reading of selected icons of Modern Architecture that share one characteristic, the development of a free-flow open section. 1 The complex relationship between spatial composition and thermal and climatic conditions within buildings is explored both qualitatively, using analytic drawing, and quantitatively, using simulations with computational fluid dynamics. I am seeking patterns common to both and the work has become an investigation of the concept of architectural space at the intersection between art, technology, climate and perception. Most architects of the Modern Movement addressed this relationship in one way or another. They either praised technology and the emerging 'machine age' or rejected it. Today most architectural production appears to have an ambivalent and sometimes contradictory position on technology. For 4 Aalto once recalled an incident that happened when he started teaching at MIT: his students presented a quantitative and technological analysis for a children's hospital and Aalto asked if they had taken into consideration what would happen when a lion jumped through the window?
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He thus criticised the students for neglecting intuition and chance in their design strategies.
The Viipuri Library [1] , designed in the period 1927-35, is a striking spatial composition and very rich phenomenological experience. While the early critical reception of the building (see Giedion, 6 for example) focused on the undulating ceiling in the auditorium, more recent criticism examines the building's spatial ideas. I will extend Michael Spens' argument and say that the asymmetrical spatial shift -the open section and its resulting environmental effects -are the key contributions of this building to architectural history [2a-d] . 7 The library integrates, spatially, the environment systems for lighting, heating and ventilation. My overall research goal is to show how the composition of free-flow open space and its contribution to occupants' wellbeing and comfort correlate to thermal properties and natural ventilation flow. Modernism often achieved the simultaneity of inside and outside through a solely visual connection. This apparent 'flow' is achieved by sealing the interior of the glass box from its exterior climate. In order to take advantage of the physical properties of air -weight, pressure, temperature, and thus flow -interior space should engage more than one climatic condition.
To position Aalto's work in context, I will offer a brief re-reading of Modernism's relationships to mechanical control of the environment and then present an analysis of the design stages of the Viipuri Library leading to the final built version. Aalto aimed at a Modern space for vision as well as for the environmental senses: thermal, tactile and acoustic.
Space in modernity
Sensual perception of modern space as an expression of the Modern age was, and often still is, reduced to a matter of visual aesthetics. Modern Movement, argued for the development of a new approach to space, calling for the 'The New Vision' of space-in-motion, a purely visual device, leaving the rest of environmental design issues to mechanisation. 11 The possibility that spatial composition can have a climatic effect (so crucial to the contemporary rediscovery of passive strategies for heating, cooling and ventilation) is neglected by architects. Control systems for thermal forces have been separated from space and vision. Beatriz Colomina realised this contradiction in the work of Le Corbusier. She indicated in her analysis 'Windows' that Le Corbusier's separation of vision from all other environmental forces (and senses) can be seen as one reason for the placelessness of modern 'man', an essential concept of the Modern Movement. 12 The liberation of vision and space from the limitations of building mass and historical styles was facilitated by an absolute control of the thermal environment and related energy flows.
Reyner Banham and mechanised environmental control
During the late 1960s Reyner Banham, in the Architecture of the Well-tempered Environment, reminded architects that environmental forces have shaped architecture throughout history and that environmental systems should always be manifest in architectural form. 14 Scheerbart realised that all-glass buildings required new technical strategies such as a double wall with insulating air space against heat loss. Today, 'green' designers are returning to marginalised passive strategies. Reyner Banham himself was a person of his time and emphasised the mechanical solution, assuming a structural approach was passé or belonged to the vernacular (see Banham's final chapter).
Banham also analysed Le Corbusier's mur neutralisant. In Towards a New Architecture Le Corbusier discusses the relationship of technology and art, technological invention and space. 15 His mur neutralisant was supposed to provide the interior with the same uniform 18 degrees Celsius all year round. While visually relating his architectural promenade to the exterior, 18 These examples show that in early Modernism the curiosity to explore and distort conventional perception went far beyond the visual and extended to smell, thermal comfort and tactility using the mechanical ventilator as an experimental tool in the same manner in which others had used the camera.
In summary, three approaches to the control of environmental forces can be traced in Modern architecture's position on the relationship of the interior and the exterior climate. First, the structural approach that Reyner Banham rediscovered in historical European and vernacular architecture, an approach that has been re-rediscovered by the green design movement. Second, the formalistic approach that detached spatial form from environmental control systems. And third, the manipulative approach, which valued the machine more than spatial composition of architecture, the aim being to free human beings from the boundaries of space by fully controlling the quality and temperature of air, essentially creating architecture of air. Finally, the aim to liberate the new human being from the boundaries of traditional space was achieved by leading 'him/her' into a new physical dependency: the occupant and user lost control over his/her thermal and visual environment. There were no curtains to mediate and filter the incoming sunlight, no visible switches or thermostats to control the thermal output of the new machines. Nothing applied to the free forms of the building, or to the bare body -naked, as in Paradise. Architecture, like clothing, was deemed unnecessary: technology could provide all the requisite thermal comfort.
Concern for the manipulation of the thermal environment appears at regular intervals in architecture and became vibrant again in the 1960s in such projects as the technological utopias of Buckminster Fuller (such as his geodesic dome over Manhattan) and Superstudio's universal comfort grid. I would suggest that Yves Klein's 'Architecture of Air', 19 which proposed an extreme utopian city conditioned by a roof of air, also falls into this train of thought. After serious discussions with an air- Transparency, the grid and optics Transparency in architecture was made possible by Enlightenment philosophy, science (thermodynamics), and industrial production (the steam engine and glass production). Architects tried to position themselves within a culture where 'all that is solid melts into air', 21 to express contemporary culture in their work. Unfortunately transparency was often only possible with elaborate mechanical systems that used an abundance of (then) cheap visual perception split in the nineteenth century into the 'analysis of light as such and a branch of optics, that concentrated on the physiology of the perceiving mechanism […] light and colour as they are seen'. The grid became a 'matrix of knowledge'. The grid becomes an 'infrastructure of vision'. The grid is an 'introjection' of the boundaries of the world into the interior of the work: it is a mapping of the space inside the frame onto itself. This overemphasis on the visual that is carried through from optics into the Modern Movement in architecture acknowledges the physiology of the visual environment but ignores the relationship of optics to the thermal environment. 
Alvar Aalto's position towards technology and art

Viipuri Library: the cultural text
The old Finnish-Swedish town of Viipuri in Karelia is now named Vyborg, after being ceded to the Soviet Union at the end of the Second World War. It remains part of Russia and having fallen not only between two countries, which had twice been at war, 26 but between two harshly different economic and cultural systems, part of Vyborg's cityscape is still derelict, even ruined, in spite of its splendid topographical setting on the Karelian Isthmus of the Baltic Sea [11] [12] [13] [14] . 27 The library's white cubic volumes, still scarred, blend into the snow-white park of the city centre, where the cathedral once stood [15] [16] [17] . The exterior is in bad condition [18] [19] [20] , although much has been achieved since the international call in the early 1990s to rescue the library from further decay [21] .
Russian readers occupy the building as enthusiastically as Finnish readers doubtless once did prior to the Russian-Finnish Winter War. While Aalto said the building 'lost its architecture' after the Second World War, 28 and while it has been written out of many architectural history and theory books, 29 it has served as a civic centre for Vyborg ever since its first restoration by the architect A. M. Shver in the 1950s. 30 Since then Vyborg has had to deal with much cultural diversity and neglect.
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Towards the free-flow open section
The design genealogy of the three stages prior to the built version [22] clearly shows a shift of axis in section and plan with progressive interlocking of the volumes and development of the cavity envelope. The double wall serves air movement and the thick volumetric roof slab with conical skylights directs light. Aalto redirected the spatial concept of the window, which in traditional buildings serves [32] [33] . Aalto first introduced mechanical ventilation and an under-ceiling heating system in the library, 35 which is described elaborately in the DOCOMOMO publication.
36 The system introduced warmth from above, as from the sun in nature, to enable a homogeneous reading climate [8] [9] [10] . Thus he introduced spatial (the roof) and mechanical (the overhead heating and ventilation system) means to create as natural conditions as possible.
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Aalto's own description of the mechanical heating and ventilation equipment he introduced is as follows:
' The first three schemes share a conventional exterior appearance of window openings in the main building volume of the library. In the fourth, built scheme there are no windows on the major library volume. The openings for daylight have transformed into conical rooflights and moved upwards onto the horizontal roof surface to provide perfect daylight to the reader. The openings for air movement have moved inside the reading space to provide fresh air from a mechanical forced air system [34] . This compositional move gave Aalto the freedom to elaborate his free-flow open section and experiment with the new technology of forced-air ventilation. Aalto aimed at creating a well-tempered space for books (with no direct light on the bookshelves) and people (with thermal delight during all seasons and no glare, while still perfectly lit). He succeeded on the lighting side and became world famous for it. He to some degree succeeded on the radiant thermal side, but failed with the ventilation so far as it is known. It is not known whether the forced ventilation ever worked properly as Aalto 
